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Symmetrical  One -Frequency  Forced  Oscillations  in  Nonlinear  Automatic 

Cont»*ol  Systems 

V.  V.  Pavlov 

Greater  attention  is  devoted  to  approximate  investigation  of  syr.iaetrical  one- 
frequency  forced  oscillations  in  automatic  Control  Systems  with  substantially  non¬ 
linear  link  [l  -  3]  . 

rhe  basis  for  approximate  determination  of  forced  oscillations  in  nonlinear 
systems  is  constituted  by  the  expression  for  equivalent  linearization  of  nonlinear 
functions  f(x*px) 


where 


•  M)*  j ^  ^  /  (A  ro*  ♦.  —  OA  tin  f)  to* 

(I  A) 


»'  (/*)  -  ^  /  M  <**♦.  ♦) *«■ 


(J  w) 


obtained  by  N.M.Krylov  and  N.N.Bogolyubov^J  for  the  case*  when  the  nonlinear  function 

in  the  equation*  describing  an  automatic  control  system*  is  proportional  to  the  small 

\ 

parameter  Using  expression  (l)*  they  obtain^]  a  formula  with  the  aid  of  which 
one-frequency  forced  oscillations  are  investigated 

(a-) 


y<Q(/p)4-f-/f'_p  -j»  • 

5175) 


where  A-  amplitude  of  forced  oscillations*  B-  amplitude  of  the  perturbation  effect* 
Q(p)  and  S(p)  •  operational  polynomials  of  any  arbitrary  decree*  include  in  the  fol¬ 
lowing  equation,  describing  the  Investigated  automatic  control  system 


QW»  +  /(».y)»f(riP(0 
1 


C3; 
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where  U(t)  *  B  ala  omega  t. 

Whan  deriving  expression  (2)  it  is  assumed*  that  in  the  system  are  realized 
the  properties  of  a  filter. 

However*  as  shown  oy  practieo,  not  in  all  instances  when  studying  one-frequency 
forced  oscillations  does  this  expression  give  a  satisfactory  result.  Here*  as  a  rule* 
considerable  discrepancies  between  the  approximated  result  according  to  (2)  and 
the  accurate  one  are  observed  in  the  region  of  low  frequencies* 

To  study  one-frequency  forced  oscillations  in  automatic  control  systems  with 
substantially  nonlinear  link*  the  characteristic  of  which  can  be  written  in  form  of 

F  (*,  px)  =  *,  *  +  htpx  4-  /  (x,  px) 

where  hjx+hgpx  -  linear  pert  of  the  characteristic  F(x,px),  it  le  possible  to  utilize 
the  results*  obtained  in|5^|  •  - 

According  to^5^  *  an  approximate  investigation  of  essentially  nonlinear  sy.stejte 
can  be  cade  by  an  Ordinary  msthodjp^,  but  by  replacing  the  essentially  nonlinear  func** 
tion  f(x,px)  with  •  more  definite  expression  for  equivalent  linearizaticn^uiving  the 

tamot  & 


where 


*<*>”57  S /(«««•♦•  —  fc* — ms ria«)roe<Ht 

0>W 


f'  («)  ~  JJi-  \  /  («  co*  — X«  to*  <p  —  mn  .-in  f)  sin  f  ./f 

•  _ 

lambda  and  omega  -  attenuation  ratio  and  the  frequency  of  solving  the  ‘originating* 
equation,  which  is  found  free  the  basic  differential  equation  at  f(x,px)  a  0* 

The  use  of  term  (5)  for  studying  the  transient  processes  in  automatic  control  sys¬ 
tems  with  essentially  nonlinear  link  gives  in  individual  cases  a  more  accurate  result 
(5J*  then  when  using  the  expression  for  equivalent  linearization  according  tojy% 

This  closer  definition  is  brought  in  by  tho  correcting  member 


[b) 


^e  shall  discusa  ways  of  utilising  the  mere  defined  expression  (3)  for  equivalent 
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linearization  of  essentially  nonlinear 


function  f(x,px)  for  the  purpose  of 


studying  one-frequency  forced  oscillations(  excited  in  nonlinear  automatic  control 
systems*  will  assume  here  that  the  investigated  system  is  also  described  by  equa¬ 
tion  (3)*  assuming,  that  <l(p)  includes  the  linearized  part  of  F(x*px)* 

Then*  if  the  linear  part  of  the  automatic  control  system  possesses  the  property 
of  a  filter £3^,  then  in  first  approximation  it  is  possible  to  seek  a  solution  for 
the  established  forced  oscillations  in  form  of 

«  =  A  sin  (Qt  +  f )  (JjJ  I 

If  we  were  to  consider  (7).  then  equation  (3)  can  be  presented (3^  in  form  of 

[<? (p)  —s if) -3- (<“•  * — *  =—/(*.  r*) 

For  equivalent  linearization  of  a  nonlinear  function  f(x*px)  in  accordance  with 
term  (5)  it  is  necessary  at  first  to  determine  the  velue  of  the  attenuation  ratio  lambda 
and  the  frequency  omega  of  tho  solution  of  the  •originating*  equation*  The  "originating* 
equation  in  this  case  is  obtainad  from  (8)  at  f(x,px)  '»  0* 

4 

It  is  apparent*  that  a  solution  of  equation  (9)  will  be  (7)»  because  we  are  interested, 
only  in  set  solutions.  Hence  it  is  evident*  that  tho  values*  characterizing  the 


•originating"  solution*  will  be 


1  =  0,  m-Q 


-  -  {-¥  A  [.m (^/R (11) 


where 


=  ^  / M <•«*♦.  - /IQsin 

»«  ’ 

»'  M)  =  ^  /  ('T  ♦.  —  »*i»  f)  *in 


Or*-) 


Comparing  the  obtained  more  defined  expression  (11)  (more  accurate  formula  (11) 
for  equivalent  linearization  of  nonlinear  function  with  (1)*  ve  point  out*  that  the 

1  t  ' 
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difference  between  than  11a ■  in  the  additional  member 

if . 


f  \2Q)  \2QI  ■ 


(n) 


the  magnitude  of  which  depends  substantially  upon  the  frequency  of  forced  Oeolllatione 
omega*  values  q(A)  and  q*(A)  and  their  ratio. 

Next,  by  substituting  (11)  in  (8)  we  arrive  at  a  more  accurate  expression  for  study. 
*ing  one- frequency  forced  oscillations 

■  r 


QOV)  +  (f+A9)~,Y  _  B  h. 

A  SQQ)  •  mmtH 

t  ^  .rnfijLi  I  . . .  -nr  .  — 


(!?>) 


whereby  its  distinction  from  ordinary  terms  used  in  this  ease  lies  in  the  correction 


member  A q  and.  as  is  evident  fraa  (12).  it  Can  be  substantially  different  in  the  zone 
of  low  frequencies  from  expression  (2).  , 

As  ah  illustration  for  the  above  stated  we  shall  discuss  certain  examples.  We 
will  consider  here,  that  in  the  example*  under  question  the  properties  of  a  filter 
ere  being  realized. 

Example  1.  Assuming  a  certain  automatic  control  system  la  described  by  equation 
(3),  whereby  ~~  "  7  . 


QW- -/+*+*•* 

SM-V 


4?** 


f(*)^o 


mK*Cl , 

X>.1 


It  is  necessary  its  amplitude  frequency 
characteristic  at  different  amplitude 
values  of  the  perturbation  effect  U(t)*, 

B  sin  cm* gat. 

.  To  do  this,  by  using  (13)  and  consider¬ 


*4 

/A 

Sf.  \" 

V 

/s 

l\ 

X 

f  ' 

'—1 

< 

L 

a 

ing  (14)  v*  will  obtain  an  expression.  *ig.  1. Approximate  amplitude-frequency  char¬ 
acteristic  |  1-vith  consideration  of  oorreo- 
with  the  aid  of  which  it  is  easy  to  plot  tion.  2 -without  consideration  of  correction. 

the  frequei^  ehanoterlstlo 
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-v  ... 


where 


is 


{15*) 


*&*'*=?.  J  =  5.  n  =  , 

In  fig,l  was  obtained  the  amplitude-frequency  characteristic  by  combining  on 
one  graph  families  of  curves,  determinable  by  left  and  right  parts  of  expression  (15), 
i#e. 


{n) 


l*i+7+  Af—  u*)»+o* 

av 


i 

14 

I 


T-T 

f 

f,*' 

•• 

_ 

a 

which  have  the  form,  shown  in  fig,2  and  3  respectively.  3y  the  intersection  points 
are  datemined  the  necessary  dependence  data  A  -  f (omega)  at  Bj  *  coast  (fig,l,curve 
1).  For  the  purpose  of  comparison  on  the  very  same  graph  was  plotted  the  amplitudo 
frequency  characteristic  without  consideration  of  correction  (curve  2). 

As  is  evident  from  fig.l.a  substantial 
correction  takes  place  in  the  zone  of  low 
frequencies.  However,  as  already  mentioned 
before,  the  ma^iitude  of  the  correction  de¬ 
pends  not  only  upon  the  frequency  ,  but  also 

* 

upon  the  value  q  and  q'*i  i.e.upon  the  concrete  form  of  linearization  coefficients, 
which  must  be  taken  under  consideration  in  every  concrete  case. 

Example  2.  In  role  of  second  ecample  we  shall  discuss  a  nonlinear  automatic  ays- 
tea.  Investigated  in 

The  system  is  deseribed  by  the  follow ing  equation! 

(Tp  +1  )*  +  */  (*)  =  kU  (l)  (  I  %) 

whereby  T^lPl,  f(x)-relay  characteristic  without  insensitivity  zone  with  kp=l. 

It  is  necessary  to  determine,,  the  dependence  of  the  threshold  value  of  the 
amplitude  B  of  outer  sinusoidal  perturbation  U(t)  3  3  sin  omega  upon  the  frequency 

omega. 

Taking  into  consideration,  that  the  linearization  coefficient  of  the  nonlinear 
member  f(x)  is  dstarmined  by  the  ratio  q(A>  *  4kp/j\A,  we  will  present  (13)  in  form 
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Fig.4, Determining  V  in  an  automatic  control  systemi  1-oore  accurate  value 

Z(A,jomega  ),  2^value  Z  (A, jcaeg&)uithout  correction. 

Fig ,5,  Determining  V  in  automatic  control  system  by.  Z  (A,  jomega)without  cor¬ 
rection  * 

Fig.6,  Dependence  of  amplitude  Vp^  upon  frequency  of  forced  oscillation*  omega i.  1- 
accurate  value,  2 -approximate ,  more  accurate,  3 -approximated. 


c-^.ur. 
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It  is  apparent,  that  c2/4Acmega2  appears  in  this  way  to  be  che  correcting  member 
'which  is  due  to  the  presence  of  £q  in  (11), 

After,  having  formulated  on  a  complex  surface  the  expression 

Z  (A.  Qt)  =  M,  -f  c  H-  4— jj^r  (3  0 )  • 

at  various  values  omega^  =  const,  it  is  not  difficult  to  detomine  the  threshold  value 
Vpor*  ^threshold)  (fiS»4)»  In  fic*5  is  Given  an  analogous  formulation  without 
considerat  ion  of  correction  and  it  was  determined  one  solely  possible  thereat  value 
=  1,27,  which  does  not  depend  upon  the  frequency  omega , 

The  dependences  Vthr  =  f  p(cmega)  obtained  in  this  way  are  given  in  fig,6.  On  the 
very  same  fig  is  given  the  accurate  dependence  of  amplitude  threshold  value  V^^, 
upon  the  outer  effect  frequency  omega,  borrowed  from  report  t6*l. 

It  is  evident  from  fig.6,  that  the  approximate  dependence  Vthr.  was  plotted  by 
the  ordinary  approximation  method £f],  but  with  th6  utilization  of  a  more  accurate 
term  for  equivalent  linearization  (ll),  i3  in  excellent  conformity  (i.o.with  a  suf¬ 
ficient  degree  of  practical  accuracy)  with  the  accurate  dependence  of  the  amplitude 
threshold  value  upon  frequency.  Ibis  shows,  that  the  employment  of  term  (ll)  in  an 
ordinary  approximated  method  allows  to  more  closoly  dsfiine  the  result  of  investigations 
in  these  individual,  single  cases,  in  which  the  ordinary  form  of  linearization  (1) 
gives  a  less  accurate  result. 

In  this  way  it  is  possible  to  make  a  conclusion,  that  the  use  in  an  ordinary 
approximated  method  of  calculating  the  more  accurate  expression  (ll)  for  equivalent 
linearization  of  an  essentially  nonlinear  member  offers  a  perfectly  satisfactory  re¬ 
sult  when  investigating  one-frequency  forced  oscillations  in  nonlinear  automatic 
control  systems, 

Submitted  May  5»  19 6l 
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Principle  of  Constructing-  Self-Adjusting  Systems 


'  by 

V.  A.  Oordeyev 

Discussed  the  circuit  of  self-adjusting,  which  consists  of  basic  circuitj^evice 
determining  the  quality  characteristic,  end  operational  element.  In  the  role  of  basic 
circuit  is  accepted  an  oscillatory  link  of  second  magnitude. 

Generally  speaking  the  3yetem  of  controlling  an  object  can  have  the  form  of,  a3 
shown  in  fig.l.  The  coefficients  of  the  W*  function  change  at  will.  At  this  change 
there  may  originate  such  a  combination  of  object  parameters,  that  at  unchanged  coef¬ 
ficients  of  the  regulator  Wc  the  system  becomes  unstable  or  does  not  yield  the 

given  qual  ity.  To  satisfy  these  these  requirements  is  possible  by  introducing  an 
additional  self-ad justmeit  circuit,  which  by  a  selected  algorithm  would  change  the 
parameters  '*c  (fig.2).  The  output  sig-  ■  -  - 


nal,  o.g.  controllable  coordinate,  is 
fed  to  the  analyzer ^which  represents 
a  metering-computing  device^determining 
any  given  quality  characteristic.  If  the 


x  + 


V 


i’ig.l.Control  system 


value  of  the  calculated  quality  index  differs  frera  its  given  value,  then  an  error 
value  appeersjj/hlch  goes  to  the  control  device.  It  chettges  the  value  of  the  control 
parameter  a^  until  the  current  value  of  the  quality  index,  computed  in  the  analyzer, 
will  be  equal  to  its  fixed  value.  The  double  arrow  in  fig.2  indicates  that  not  the 
coordinate,  but  the  parameter,  is  changing. 

The  analyzed  circuit  presents  a  parametric  feedback  by  the  quality  character. 

istie. 

We  shall  discuss  •  number  of  possible  quality  indices  and  principles  of  coa_ 


FTD-TT-62-1720/lt2 


3 true ting  self-adjustment  circuits  for  systems  with  rapid  change  in  the . parameter  of 
the  basic  circuit,  Rapid  is  considered  such  a  change  in  parameters,  when  within  the 
period  of  the  transient  process  of  the  basic  circuit  the  parameters  dc  change  to  such 


an  extent,  that  it  is  Impossible  during  the 
coefficients  •» 


investigation  to  use  the  method  of  ‘frozen 


Fig.2. Self-adjustment  circuit  Fig.3. Structural  arrangement  of  oscil- 

1-analyzorj  2-control  device  latory  link. 

w'e  shall  analyze  certain  quality  characteristics  using  an  oscillatory  link  as  an 

example.  The  basic  form  can  then  be  replaced  by  a  structural  fora  (fig,3),having  a 

transmission  function 


<h(,,)=JL 


_ l 

T*y+2lTf+  I 


Assuming  that  there  are  convergent  (fig,4)»or  divergent  (fig. 5)  oscillations  of 
of  coordinate  y,  caused  either  by  tho  change  in  parameters,  or  by  reactions.  The 
analyzer  is  constructed  so,  that  at  its  output  during  the  period  of  oscillations 
should  originate  a  value,  equal  to  the  difference  of  positive  and  negative  half-waves. 


Fi^, 4, Convergent  oscillation*  of 
coordinate  7 

*  «■  A\  —  A*  x  >  0 

)—  ■  ■  -  ■  . . . . 
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Fig.5.  Divergent  oscillations  of  coordinate 

y. 

t 

'p""4l>/4,,  *<0  *p*ai<a*  (3.) 


where  A^-  first  half  wave  of  i-period,  Ag  -  second  half  wave  of  i-period* 

The  obtained  signal x  is  accepted  to  be  the  controlling  one  for  the  self-ad  justamt  ! 
circuit.  The  scheme  is  set  up  so  that  the  attenuation  xi  changes  in  dependence  upon 
the  value  X*  These  changes  will  take  place  in  such  direction  as  to  make  y  equal  to  ! 


zero)  in  this  case  the  system  will  be  on  the  boundary  of  stability  • 


'.."hen  working  out  the  initial  condition  with  respect  to  speed  YQ  the  transient 
process  by  the  coord ina to  for  (1)  is  determined  by  formula  in. 


Through  the  duration  of  the  first  period  %  =  0  there  is  no  correcting  signal*  This  j 


signal  on  the  basic  of  (2)  is  emitted  through  the  period  T  and  is  equal  to 


=P=c-[-“' '(-*%)} 


After  each  following  period  is' emitted  a  value,  determinable  by  equation  (q),  but 


fQ  in  this  case  will  correspond  to  the  value  of  speed  at  the  beginning  of  each  period* 
It  is  evident  from  forrnla  (4)  that  the  greater  the  amplitude  of  oscillations* the 


greater  will  be  the  value  of  the  correcting  action  y  at  the  very  same  xi  and  T. 

Dependence  graphs  y  =  f(xi*T)  at  f  !  1  are  given  in  fig*6,  whence  it  is  evident, 
^  o 

that  the  value  y  is  greater  at  ne^tive  xi*  than  at  positive*  Consequently  from  the 


zone  of  instability  the  system  will  corns  out  more  energetically*  than  from  the  zone 


of  stability. 

If  in  the  rolJjof  controlling  device  we  would  take  an  integrating  link  with  ampli¬ 
fication  factor  k^  then  at  above  mentioned  conditions  the  equation  of  oscillations 
y  for  the  n-period  will  acquire  the  form  of 

T*y  +  [2  So  t  2  *x,  (*  —  li)  J  Ty  +  y  =  0,  np»  y  (l„)  —  //*.  (*/  (/„)  —  ym ,  Qj J 

where  xl0  -  initial  attenuation  value,  and  t  changes  from  t  -  tj  a  0  at  t  4*i  to 

t  *  T, 

In  stable  state  0£cillaticn3  y  are  described  by  equation  of  conservative  link* 
Modeling  was  done  on  an  IPT-5  type  model*  Structural  arrangement  of  analyzer 
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is  shown.  In  fis*7.0nthe  first  memory  devices  [ztWlD]  are  measured  the  amplitude  valu£&. 

VJithin  a  period  the  comutating  device  [w>*CD^  transmits  these  values  to  second 
ZU,  whert  they  are  retained  for  the  duration  of  the  period,  and  the  first  733  at  that, 
moment  become  discharged,  getting  ready  for  the  following  cycle.  The  coi:autafclng  de- 
vioe  consists  of  differentiating  link,  detector  and  a  series  of  relays* 

The  ciroults  of  memory  devices  with  coerutation  contacts  are  given  in  flg*8. 

In  the  role  of  ZU  wore  used  integrators  working  in  condition  of  memorizing  the  inlfjaJ 
conditions^. 

i  *  ' 


A  change  in  xi  was  made  by  changing  one  of  the  co-multiples,  fed  to  the  multipli¬ 
cation  link.  Initial  conditions  were  fixed  in  both  circuits  £(0)  and  2x1(0).  v/e  took  xi(0). 

I 

^  0  and  xi(05<„  O^The  value  y  (0)  was  selected  so^thst  the  system  should  not  reach  > 

saturation.  During  the  modeling  was  change!  the  coefficient  k  in  the  sslf-adjustaent 
circuit.  fig,?  ahowr  oscillograms  of  processes  ut  various  Vc|as  is  evident^n  increase 
in  k  raises  the  oso dilatory  nature,  a  reduction  -  rectricta  tha  working  proseas* 
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Graphs  clearly  shew  the  performance  of  ccczaitating  and  memory  devices  and  the  ob- 
tairuaont  of  valae  y.  . 

In  some  instances  the  quality  index  of  the  fora  (2)  is  inapplicable  because  of 
the  presence  ol'  oscillations  y  in  stable  state. 

It  is  then  possible  to  utilize  the  quality  criterion  in  form  of 

x  =  At  —  rAt,  *p«  x  =  0  r  =  ^ 

I  ...  _  -  -  ..  ...... 

In  this  way,  when  taking  up  the  value  r,  we  are  taking  up  the  desired  amplitude 
ratio  of  the  oscillatory  process.  If  r  1,  then  the  given  conuitions  will  be  the  damp¬ 
ing  oscillations.  The  dependence  y,  =  fCxi^Ttl)  for  oscillatory  link  at  various  r  is 
given  in  fig, 10, 

The  self-adjustment  circuit,  utilizing  criteria  (6)  operates  well  in  the  presence 


of  oscillations.  If  we  strayed  into  a  zone  where  xi  ^  xi^»  then  in  the  absence  of 

action  there  will  be  no  oscillations  and  the  3elf -adjustment  sys¬ 


tem  will  not  bring  out  the  basic  circuit  onto  a  given  value  xi^.  Ordinarily  there  is 


Fig,9,0scillcgraas  of  transient  processes  at  Ai“*2*  a)  *  a  °«33#  a)  fc  =  0,142 
Fig, 10,  Dependence  graphs  X  =  f(xi,r). 
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However,  it  is  necessary,  it  is  posnible  to  provide  a  device  vhich  would  forcibly 
reduce  the  value  xi  in  the  absence  of  oscillations,  or  it  is  possible  to  food  porio<(£* 
cally  artificial^  for  example  perturbation  pulses* 

The  arrangement  of  the  analyzer,  givipjvalue  (6),  differs  from  such  far  (2)  only 
by  the  introduction  into  one  of  its  arms  a  constant  coefficient*  equalling  r« 
Adjuatmait  oscillograms  xi(0)=-0,l  with  a  system  of  reducing  xi  in  the  absence  of 
oscillations  at  r  =  1*35  (xi^  =  0,1)  is  shown  in  fig*ll*  In  view  of  the  considerable 
amplification  factor  in  the  self -adjustment  circuit  takes  place  a  rapic^ieglsct  in  the 
zone  of  positive  xi.  And  upon  discontinuation  of  oscillations  the  auxiliary  system 
causes  a  reduction  in  xi  (fig.lla).  The  reduction,  when  the  value  xi  reachea  a  value 
xi  =  -  0,2 4,  the  internal  fluctuations  of  the  model  disrupt  the  3y3tem  to  such  an 
extent,  that  tho  reduction  in  xi  is  interrupted  and  the  analyzer  begins  working, assur¬ 
ing  attenuation  of  the  system  (fiG,ll,b),  In  fig,li  a,b,  xi  and  %  signated,  the 
remaining  curves  were  recorded  cm  a  loop  to  check  the  operational  accuracy  of  sections 
of  tho  system,  In.fig.llc  is  presented  the  operation  of  self -adjustment  during  linear 
change  in  xiv  at  a  rate  of  0.05  units/period.  The  perturbation  along  xi  was  fed  fellow- 
ing  the  control  device*  The  broken  xly  characterises  tha  voltage  at  the  output  oljthe 
control  device.  Under  xioah  is  understood  a  value^ed  to  the  control  link.  It  is 
evident  from  the  oscillogram,  that  inspite  of  the  change  in  xiv,  self-ad juntment 

does  not  give  y  to  oscillations  and  breaks 

up* 

The  amplification  factor  in  the  3e if -adjustment  circuit  should  be  selected  when 
applying  the  discussed  principle  to  a  real  system,  because  this  coefficient  is  limiiei 
not  only  by  the  stability  conditions  of  the  self-adjustment  circuit,  a  a  by  tho 
permissible  value  of  skipping  into  the  zone  of  positive  xi.  -In  addition,  this  value 
depends  upon  the  aetion  and  permissible  oscillation  amplitudes  of  the  control  para¬ 
meter. 

It  is  possible  to  improve  the  proposed  polity  index  in  the  aae.ct  of  reducing 
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time  during  its  calculation  and  increasing  the  interference  resistance. 

The  first  one  can  be  obtained^if  the  value  is  calculated  not-fagr  "the  period,  but 
by  the  half-period.  It  is  necessary  to  compare  each  two  adjoining  aseilitudes  conti¬ 
nuously,  and  not  by  the  period  in  pairs.  This  calls  for  a  change  in  analyzer Jend  to 
increase  the  rapid  action  of  the  self-ad justment  circuit. 


Fig.ll, Oscillograms  of  transient  processes  at  %=  A^-rA2 
To  raise  the  interference  resistance  of  the  analyzer  it  is.  possible  instead  of 
amplitudes  (2)  to  take  the  area  (integrals)  of  and  S2  half  waves.  The  interferences 
imposed  on  the  oscillations,  are  smocthened  out. 

The  value  \  is  then  equal 

n  -  St -rS9  -  C.  [l  +  exp  (-  7=^r)  ][  !-'«*(  7  ,*1-1  )  ]  (J/ J 
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As  a  deficiency  should  bo  mentioned  the  drift  in  the  integrators,  calculating 
the  areas.  It  is  therofore  necessary  to  apply  special  measure^  for  the  elLiinotion 
of  same*  To  calculate  )£,  according  to  expression  (7),  only  the  first  7X3  in  the  analyse*" 
are  substituted  by  integrators* 

Quality  indices  (7)  and  (6)  assure  identical  damping, because  3  0  we  have 

-txp(-Fr§r).  (?) 


The  degree  of  attenuation  for  the  oscillatory  link  at  Ta  1  equals^!'} 

/ — — '-“prrr^r) 


where  y^,  y^  -  amplitudes  of  two  neighboring  half  waves  of  one  polarity.  Then* 
by  compering  equations  (6)  and  (9),  ve  obtain 


(lo) 


la  this  way,  r  characterizes  the  degree  of  attenuation  of  the  transient  process. 
Oscillograms  at  a  quality  index  of  the  form  of  (7)  are  ahalogous  to  graphs  of 
transient  processes  in  previous  instances. 

In  all  cases  under  discussion  in  the  role  of  regulating  parameter  was  taken  the  value 
xi,  If  we  change  the  amplification  factor  of  the  second  integrating  link  or  the  ampli¬ 
fication  factor  of  feedback,  encompassing  both  integrating  links  (flg*3),  then  ve  will 


obtain,  respectively,  transmission  functions 


and  the  roots 


»»'(/>)  =  yr- - b - • 


*i.i  =  -*r±/-f-Kr=r|* 


(/l) 


where  m  =  var. 


It  is  evident  herefrom,  that  it  is  necessary  to  construct  the  system  soj  that 
the  value  m  should  never  be  equal  to  zero,  otherwise  there  will  appear  two  zero 
roots,  and  tho  application  of  tha  discussed  criteria  is  impossible, 

Zn  conclusion  it  should  be  underlined,  that  the  above  mentioned  quality  indices 
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can  be  utilized  for  solf-ad  justice  at  only  at  an  oscillatory  stability  boundary* 
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About  a  Typo  of  Self-Adjusting  Control  ^rstdt 

by 

V.  I.  Chernetskiy  and  8.  U.  Yusupo* 

1.  Arran^aent  of  the  problem.  Equations  of  perturbation  movement  of  an  auto*, 
retie  control  system  in  most  general  case  can  be  presented  in  vector  form  as 

" -r,v',x;r.B)  ,  . 

t  =>  o.  x  =  x„  r  =  r, 

where  X  -  vector  of  object**  control  coordinates;  Y-  vector  cf  regulator  control  coor. 

por.oont  Tollable/ 

dinates;  U  -  vector  of  inner  and  outerf  perturbations  affecting  the 

object  of  control  W-  vector  of  inner  and  outer  uncontrolled  perturbations,  affecting 
the  regulator;  Xq,  Y0-  initial  values  of  vectors  X  and  Y,  ?2  ”  nonlinear  functions* 

The  coordinates  of  vectors  X.Y.V  and  U  in  general  case  appear  to  be  randan 
functions. 

In  the  system  (l.l)  the  first  equation  binds  the  controllable  coordinates  of 
the  object  (vector  X)  with  other  coordinates.  in  the  second  equation  are  boubd  the 
coordinates  ox  the  regulator  (vector  Y)  with  coordinates  of  the  object  and  control¬ 
ling  parameters  (vector  P), 

The  nature  of  change  and  the  values  of  perturbations  Z  and  W.  which  reflect 
the  internal  (deviation  of  parameter  values  from  calculated),  as  well  as  external 
perturbations,  can  not  be  accurately  forseen  when  designing  and  producing  the  sys¬ 
tem.  That  is  why  a  solf-ad justing  control  system  is  necessary. 

Wo  will  as  sun*,  that  the  so  If -adjustment  system  should  meet  given  requirements 
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with  respect  to  control  accuracy 


|  1^**4  (i  =  1.2 . r)  |||W  T| 


wc 


here  xi,  x^  (i  =  l,2.,..,r)  -  coordinates  o f  vectors  X  and  x.^x^,  &lven  con* 

stent  numbers,  ^to*  -  operating  interval  of  tho  object* 

To  fulfill  the  conditions  (1.2)  for  the  basic  system  (1*1)  with  any  one  of  the 

available  methods  (analytical,  by  modeling,  etc)  even  in  the  presence  of  full  inform 
jniL/ 

\t ion  about  the  U  and  W  vectors  is  practically  impossible  because  of  the  complexity, 
of  the  system  (1,1) .  leaking  a  whole  series  of  assumptions,  ua  simplify  the  mathemaii. 

cal  model  of  the  system.  The  simplified  system  of  equations  is  used  a3  standard. 

The  equation  coefficients  of  this  system  are  computed  in  the  assumption,  that  the 
object  in  the  interval is  affected  by  known  perturbations  U-^  Judging  by' 
the  results  of  measuring  the  sensitivity  of  elements  we  calculate  the  current  (real) 
coefficients  of  the  approximating  system  of  equations.  The.  coefficients  obtained  in 
such  a  way  are  compared  with  standard  ones  and  their  difference  are  used  in  the  regu¬ 
lator  to  bring  down  the  values  of  current  coefficients  to  standard.  A  comparison  of  . 

current  and  standard  coefficients  is  made  on  partial  intervals,  into  which  the  basic 

* 

interval |to#Tj  is  broken  down. 

2.  Formulation  of  a  standard  system.  At  the  first  step  of  simplifying  the  system 
of  equations  (1)1)  the  indidental  factors  are  replacod  by  their  mathematical  expec-* 
fa^ions.  We  will  obtain  the  following  regular  model  of  the  real  control  3ystenu 


£  =  FJ<f.xfy,tT) 


t  =t. 


X  =  X„  r  =  Y, 


(ii) 


In  the  equations  (2,1)  the  top  row  desiccates  that  the  mathematical  expectation 
is  taken  from  each  vector  coordinate ., We  assume,  that  in  these  equations  the  values 
of  the  vectors  T)  and  in  the  interval ^t0,T^  are  known* 

Next  we  will  write,  that  vT  *  0  at  t 
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When  formulating  a  self-adjusting  3ystem  of  equations  (2,1)  will  serve  as  initial 
# 

base  for  the  obtainmeat  of  standard*  But  the  use  of  systems  (2*1)  directly  in.  the  rote 
of  standard  is  not-advisable  by  virtue  of  its  sufficient  complexity  (greater  order, 
presence  of  nonlinearity  etc,),In  additlon,jsufficiently  complete  information. regarding 
control  can  be  obtained  on  a  much  simpler  model,  which,  in  the  final  count,  yill:  consi¬ 
derably  reduced  the  volume  of  computation  operations  Upon  the  forculaticn  of  a  standard  and 
during  the  functioning  of  a  aelfed justing  system,  ' 

Let  us.  assume  that  as  result  of  linearization,  the  disregarding  of  second  degree 
bonds  and  elimination  of  regulator  variable  (vector  Y)  the  system  (2,1)  is  reduced  into 
form 


where 


(*■  4  •  P )  *•  <0  =  *•(*•  W  • P)  2 ')  {%%) 


IU  (t,  2j-  ,  P)  =  dni  {I,  P)  ~  +  •  +  ««|  (*,  P) 


Yi,  (t»  .d/dt,  P)  -  combines  useful  and  harmful  perturbations  with  corresponding  oper  - 


ors,  .  ; 

For  the  system  (2^)  is  possible  to  attain  fulfillment  of  conditions  (1*2)  on 
account  of  properly  selecting  the  vector  of  the  control  parameters  P,  the  coordinates 

r«; 


of  which  may  appear  to  be  variable  in  time.  The  coefficients  _  (X,.  ..*,  C?*.will 


°4  * 

also  be  certain  functionfjaf  time* 

To  simplify  further  we  will  tryj  if  possibly  to  reduce  the  order  of  equationsjof 
the  system  (2,2)  by  disregarding  small  parameters.  We  can  guide  ourselves  by  ideas 
of  reducing  the  ox'der  of  systems  with  constant  coefficients  (2,1), (2,2),  Since  there 
are  no  analytical  methods  of  reducing  the  order  for  systems  with  variable  coefficients, 
then  such  a  problem  can  presently  be  solved  only  with  the  aid  of  modern  computing  de. 
vices  by  the  method  of  multiple  repetition  of  the  solution. 

If  the  entire  interval  £o.t]  is  broken  down  into  intervals,  where  the  coefficients 

change  slowly,  then  In  these  intervals,  having  taken  constant  coefficients  (averaged), 

?  ■  #  . 
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the  reduction  in  the  orders  of  equations  of  system  (2.2)  can  also  be  carried  out  by 
already  existing  no". hods  (2.1).  (2.2). 

Assuming  that  as  result  of  disregarding  small  parameters  the  system  of  equations 
(2.2)  acquires  the  fora  of 


where 


**(«.  4r'p)Xt  M  ■  (*.  tt’p)  <*  -  *• 2 . o 


»!<■« 


To  simplify  the  investigations  wo  assume,  that  each  coordinate  of  the  vector  of 
control  parameters  is  included  in  only  one  of  the  equations  of  system  (2.3)»  i.o. 
system  (2.3)  is  broken  down  Into  a  series  of  independent  channels  by  each  one  of  the 
controllable  variables.  Intersecting  connections  between  channels  can  be  realized  only 
through  perturbations. 

For  the  case  of  simplicity  we  shall  further  discuss  a  case  of  controlling  only 
one  variable,  designating  it  by  X.  and  the  corresponding  standard  differential  equa¬ 


tion  by 

••■(*•  P*)  +  a  '-1  (*.  P*)  +  •••  +  «»(*.  P.r)  X  —  tf,  (()  (2.  •  4”^ 

^ore  Px  -  vactor  of  control  parameters,  affecting  the  variable  jC 
3.  j-inklng  Mathematical  Model  of  the  Control  System  with  Standard,  The  real  process 
will  be  approximated  by  equation 

*■  +  -  +  fl»  W  z  =  ^  (0  t  c- l*0.  t I  (3,  l) 

In  equation  (3»l)  the  right  part  is  taken  as  standard.  This  eliminates  the  nocess  ity 
of  measuring  tho  perturbation  effects,  which  on  some  real  objects  appears  to  be 
quite  difficult  and  a  practically  nonrcalizsble  problem.  Deviations  of  actual  per¬ 
turbations  and  valuos  of  operator  coefficients  of  the  right  side  of  equation  (3«l) 
from  standard  will  be  considered  in.  a  self -adjustment  system  through  valuos  of  coeffi¬ 
cients  aa( t ),..., a0(t).  Furthermore,  the  mentioned  assumption  (about  the  effect 
on  the  system  of  stahdard  actions)  offers  the  possibility  of  selecting  a  quite  easy 
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algorithm  to  calculate  the  coefficients  an(t),...,a0(t)  of  the  approximating  equation 

(3.1). 


But  it  appears,  that  there  is  no  need  for  calculating  all  the  coefficients  a^Ct), 


aQ(t)  of  equation  (3*1).  ?hs  truth  is,  upon  the  parameters  of  the  regulator  ordinarily 
essentially  depends  only  a  part  of  these  coefficients^Consequeatly ^calculating  all  coeffi¬ 
cients,  wo  can  anyway  not  distinguish  all  their  values  from  standard.  But  for  satis-, 
factory  operation  cf  the  system  it  is  necessaiy  somehow  to  consider  the  deviations  of 
values  of  all  coefficients  from  standard.  Ve  do  this  in  the  following  manner.. 

Not  reducing  the  generality  of  estimates,  we  will  assume,  that  upon  the  control 
ling  parameters  depends  only  m  of  the  first  coefficients  (a0(t),  ai(t),...,am_^  (t).  Vfc 
will  transfer  into  the  right  side  of  equation  (p.l)  the  members  containing  coeffi¬ 
cients  ara(t),  am+1(t),...,an(t) 

w  jP  +•■ ■+ mo >-♦.«- [-no $ _+•  •  •+«.«£]  (S.lai) 

Since  the  information  about  coefficients  an(t),,..,am(t)  cannot  be  used  by  us 
in  the  regulator,  then  we  will  not  directly  determine  these  coefficients. 

But  when  determining  coefficients  a0(t),...,aB^^(t)  we  will  assume  that  the  values 
of  the  coefficients  an(t} , .••,aa(t)  are  to  standard 

+  . •• +  «-•<*>  £r]  (3.1) 

The  deviations  of  values  of  coefficients  an(t),...,am(t)  from  standard  will  be  consi¬ 
dered  through  values  o*f  coefficients  ac(t),...,aE>p(t). 

Tlie  above  mentioned  method  of  direct  consideration  of  deviations  of  values  of 
noncontrollable  coefficients  considerably  reduces  the  volume  of  computing  operations, 
since  it  eliminates  the  necessity  of  calculating  n  +  1-m  coefficients, 

!).,  Determining  the  coefficients  of  approximating  equation.  In  the  role  of  approxi¬ 


mating  equation  wa  will  take  for  generality  equation  (3.1).  '••'e  will  assumejjthat  at 
a  certain  interval ware  obtained  values  x(t),x  (t),...,xn(t)  of  real  pro¬ 
cess  in  points  tfc  «  ’Vi»T2»».«*Ts  *  *lc+l.  Then,  assuming,  that  ths  interval ^*tfct£l 
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aplected^ 

wasp  "In  such  a  way,  that  the 


coefficients  an(t),..,,a0(t)  can  bo  replaced  with  sufficient  accuracy  (within  limits 
of  this  interval  )by  constant  numbers,  vie  will  obtain  a  system  3  of  linear  hetero¬ 
geneous  algebraic  equations  to  determine  n  ♦  1  of  unknown  coefficients 


«.W^  +  «„_,<*> 


+  •  • .  +  (T>)  =  V"  (r>)  (,--1.2 . .)  (4;  Jj 


a*  ;  rfi"-* 

In  the  system  (4,1)  the  index  k  designates  conformity  of  coefficients  an,«.,,a0 
and  perturbations  *v|/^  (t)  of  the  interval^.,  tk+1^ 

Vie  wish  to  point  out,  that  the  selection  of  the  magnitude  of  the  internal  ^t^.tjj+il 
represents  a  v..  ry  complex  problem,  It  is  also  necessary  to  consider  here  the  rate  of 
change  in  coefficients  aQ  (t a0(t),  end  the  rate  of  chan3a  in  perturbations,  and 
the  time  necessary  for  measuring  and  analyzing  data  about  the  process  etc* 

’«e  will  generally  assume  that  a  ^  n  ♦  1, 

Since  the  measurementa  ,  carried  out  at  the  moment  of  tima^  situated  closer  to  the 

right  end  of  the  interval [tk.tjcL^  »  '’ear  information,  which  shows  maximum  effect  on 

further  process  of  controlling,  then  It  appears  to  be  advisable  to  introduce  weight 

coefficients^  determining  the  value  of  each  measurement  and  of  each  one  of 

the  equations  (4*1).  The  weight  coefficients  should  sutisfy  the  conditions! 

l)p(*,)>0  0-1. 2 . .) 


2)2p(t,)  =  1 


And  so,  from  the  assumption  about  linearity  of  rise  in  weight  of  measurements  with 
time  it  is  possible  to  select  the  weight  coefficients  in  the  following  manners 

_  _ ?/ 


0  (fj) 


m) 


The  determination  of  coefficients  a0(k), 
of  least  squarer,  minimizing  the  function 


(k>  _(k) 


»••••« 


will  be  done  by  the  metlitd 


where 


Lmm  s  pfaJV 

>-I 


(-• 
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The  necessary  minimum  condition  of  function  L  is  the  equality  to  zero  of  lta  perk^l 
derive  tires  of  first  magnitude* 

Having  calculated  the  partial  derivatives  ^  L/^n^  (i  ■  0.1,.,., a)  and  equating 
same  to  zero,  we  will  obtain  a  system  n*l  of  linear  algebraic  equations  to  determine 
the  unknown  coefficients 


<k)  i  IP  (*>  (*i>*»*  (Ti)l  4-  <>  V  |p  (Tj)  x<‘>  (Ti)  x (»,)!+ J 

H  i=-.i 

••••+■'?  S  lr>(tjjx<,»(Ti)x«-»(ri)|  - 

j-I 

*=  V  Ip  (Tj )  *' (t i)  (Tj)|  (1  «  0.  I . «) 


If  vectors  are  introduced 


X  =  (*  (T,)  p  (T,).  *{T«)  K p  (T,) . X  (T.)  K  f  (T.),) 

*  =  (i  (T|)  VV(T|),  i  (T,)  K  P  (T,). . . .  *  (r„)  V\.  (T.j) 

*<">  =  (ti)  I'pW. *<*> (t,) K P  (t,) . x‘"> (t.)  K p  (t,))  (  4',4’^j 

t?’  -  (t»* (*t)Vp(T,),.  • .  ♦  U*.)Vp(u)) 


Then  system  (4*4)  ean  be  rewritten  into  form  of 

a, i»)  (>,  x)  +  #  £«  z)+  ..  .  +  «„«*>  (>,  >)  =  (>>,  *,<*>)  fjl  t ) 

<<~0.t . »)  (/  V*  J 

where  the  expressions  in  round  parentheses  designate  scalar  derivatives  of  correspond¬ 
ing  vectors. 

In  order  that  system  (4*5)  should  have  a  single  solution  relative  to  the  coeffi- 
cients  a0^,..«,a^n,  **  i®  necessary  and  it  is  sufficient  that  the  deteminife  of  this 
system  should  be  different  from  zero.  Since  the  determinant  of  the  system 


<*.  *) 

(*.  *) 

...  if. >»> 

(*.  *) 

(*<  *) 

...  ,<*>) 

(>».*) 

<>*.-) 

*  •  •  (*«•►>»> 

is  the  gram  determinant,  then  it  will  not  be  equal  to  zero  then  and  only  then  when  the 
system  of  vectors'^,  will  be  linearly  independent. 


FfD-TT-te-lf  20/1*2 


2* 


Since  in  practice  are  possiola  cases  of  linear  dependence  of  these  vectors,  it 
is  necessary  to  provide  methods  for  synonymous  determination  of  the  sought  for 
coefficients  also  for  these  cases. 

In  the  role  of  one  such  method  it  is  possible  to  introduce  the  following. 

At  each  interval after  obtaining  s  measurements  we  will  calculate  the  Gram 

deteiminant  in  ail  its  main  minors.  Assuming  thore  is  a  minor  of  max  intun  power  1,  differ. 

lng  from  zero  (1 4--  s).  Than  all  coefficients  a^,  a^)  are  assumed  to 

•  a  n-1 

be  equal  to  their  standard  values,  and  the  remaining  ones  are  determined  by  solving 
with  any  one  known  netted  a  linear  system  v.ith  determinant,  differing  from  zero. 

If  1  *  n  ♦  1  ,then  the  very  Gram  determinant  differ*  free  zero  and  all  sought  for 
coefficients  ere  determined  synonymously, 

}  -  a 

But  if  1  s  0,  i.e,(x,  jt  )  =  0,  then  it  can  be  assumed  that  all  coefficients  have 
standard  values  and  no  adjustment  of  sema  is  necessary. 

To  reduce  the  volume  of  calculations  it  is  possible  to  use  the  property  of  the 
Gram  determinant,  consisting  in  the  fact,  that  if  any  one  major  minor  is  different 
from  zero,  then  all  m^in  minora  of  lower  powerjare  also  different  from  zero.  Consequently 
it  is  possible  to  calculate  the  sain  minor  in  a  sequence^  beginning  with  the  minor 
of  maximum  power  (the  very  Oram  determinant),  and  continuing  the  calculation  to  the 
first  minor  not  equalling  zero. 

It  should  be  pointed  out,  that  with  the  aid  of  the  described  method  it  is  possible 
to  make  a  synonymous  da  termination  of  coefficients  a^^lc\..,,an^^  and  in 

case  a  (  n  ♦  1, 

In  sane  instances  devlationsjof  values  of  coefficients  e0^,...,an^  are  best 
determined  by  minimizing  function  (4.3)  with  the  aid  of  gradient  methods.  Fear  zero 
approximations  in  this  case  it  is  possible  to  take  standard  values.  And  so,  iu  the 
case  of  using  just  ona  step  along  the  correction  gradient  to  standard  values  they  are 
calculated  by  valueaCfcrmulas)  - 
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whore 


=  2  S  p(»j)  £<«•*( t>) 


j-i 


£  0  are  determined  for  each  interval  •  . 

Using  analogoys  formula  when  necessary  it  is  also  possible  to  calculate  the  follow, 
ing  approximations. 

5*  The  law  governihg  changes  in  control  coefficients.  In  general  case  each,  oheof 
the  coefficients  a0(t),  a_L(t),..,,an(t)  may  depend  upon  the  control  parameters  pj_, 

F2 * •  •  • » Pg  (I*  =  (Pi.P2»***»Pg))  l11  an  arbitrary  manner.  Because  of  this  it  is  practically 
impossible  by  changing  g  of  the  regulator  parameters  to  accurately  adjust  the  values 
n+1  of  the  coefficients  to  standard.  At  an  accurate  adjustment  of  several  coefficients 
the  remaining  ones  can  still  to  a  large  extent  increase  their  deviations  from  standard. 
That  is  why  a  proposal  is  mode  to  select  the  values  of  the  control  xoefficients  at 


each  interval 


using  the  method  of  least  snyiares  cf  the  minimizing  sum 

l  =  £  =  s  i««  (pi . Pi)  - 


«— • 


<-• 


Using  the  necessary  condition  of  the  presence  of  a  minimum  for  functions  (5.1).  we 
will  obtain  the  following  system  of  algebraic  equations  to  determine  P^....»Pgi 

S  [a‘  (P*’-<  Pi)  ~  •?)  Pl)  =°  (/  =  «.  2 . 8)  \$X) 


_ _ *Pl  _ 

Actually  the  values  of  parameters  Pit....Pg  (amplification  factors  and  time  cons¬ 
tants)  are  limited  by  certain  restrictions 


(9=1.2,....  n  (ss) 

Consequently  the  minimization  of  functions  (3*1)  must  generally  be  carried  cut 
with  consideration  of  conditions  (5. 3).  In  this  case  will  be  obtained  values  of  para¬ 
meters  Pi>....»Pg»  the  de tormina tion  of  which  lesds  to  the  attainment  of  an  approxima- 
tlon  of  the  real  system  to  the  standard. 

6.  Integral  form  of  equations  to  dstormine  the  coefficients  of  approximating 
equation.  All  above  mentioned  deliberations  and  operations  were  done  under  the  assump-*’ 
tion,  that  we  hove  to  our  disposal  s  magnitude,  of  control  value  at  the  interesting 
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us  moment  of  time  and  the  necessary  number  of  its  derivatives. 


Sven  though  there  are  certain  assumptions  on  the  obtainment  of  derivatives  of 
any  arbitrary  order  fran  the  controlled  value »  but  30  far  these  assumptions  are 
little  realized.  Consequently  it  is  necessary  to  provide  certain  methods  of  realizing 
a  self "adjusting  system  of  control  in  the  presence  of  a  limited  number  of  derivatives 
(ordinarily  with  permissible  accuracy  it  is  possible  to  obtain  the  first  two  deriva¬ 
tive  a),  which  can  be  practically  measured. 

The  problem  of  determining  the  coefficients  of  approximating  equation  can  be  solved 
when  measuring  a  limited  number  of  derivatives  if  the  integral  form,  of  an  algebraic 
equation  system  (3*1)  Is  used.  This  farm  of  equations  can  be  obtained  if  each  member 


of  equation  (3*1)  is  integrated  n-m  times  within  corresponding  limits 

'  **-•**  -  * - -  »■  -  • 

’j  it  i  i 

a  i»> 


\  \  ■  •  •  $  A +  «._,W  \  \  ...  \  l^JLdt...dl  -!- 


•  •  •  +«.w 


y  <  *  v  •  » 

»)  S  ...  \rdl...dt  =  \  5  J  *:,<»>(/)  dt... 

'*  '*  '*  '*  '*  ** 


dt 


'k  '*  •* 
»-»» 


XU 


0  =  1,2,...,*) 


Here  s  -  number  of  derivatives  of  controllable  value,  which  can  be  measured  with 
required  accuracy. 

Assuming  that  m  =  2, Then  after  integration  we  will  obtain 

«„<*)  (*»  (t,)  -  xu  (t„)  -  x'"  (t„)  Ax,  -  *'v  (th)  • 

—  x<*-"(tk)  j  +  [xV(Tj)  —  xJ  (<*)  —  x"  (/*)  At,  - 


where 


At,*  At/-1  I 

“ST"  —  •  •  •  —  (f*)  ^rw\+  - 

t  ’  <  ‘it  ' 

+  s  S  •  •  •  $  *(0 * ...<«=$$■•■) 


* ** 


«~1 


W— t* 


*—2 


(Atj  —  Tj  —  7*  —  1*  •  •  •*  *) 


{L.u) 


<W) 
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But  in  the  system  (6*2)  we  havo  still  not  freed  ourselves  from  the  necessity  of 
measuring  high  power  derivatives,  although  they  have  to  be  measured  not  in  points  a 
but  in  ona  point  t^,  i,e^-.t  the  beginning  of  interval ^tfci^kvjQ  • 

Since  to  our  disposal  are  only  values  of  the  very  variable  and  first  and  second 
derivatives,  then  we  shall  attach  to  the  derivatives  a  power  higher  than  the  second 

standard  value.  «„<*>  [z»  (r,)  -  x"  (/„)  -  (x«"  (/,)).  At,  - . . .  -  (x<»-» (/,)),  -^L_  1  4. ... 

7  '  •  [  7  '  r 

.  .  .  -;«„<*>  )  \  ■  •  •  \  x(l),tl. .  .,ll  «  \  \  ■  ■  • 

'*  '*  '*  ’  •*  ik  >k  H  ■  • 

»— *  .  (/*  n— ! 

From  (6,3)  by  the  explained  method  is  possible  to  determine  coefficients, 

When  assuming  the  smallness  of  the  interval  with  meafoers,  containing  the 

degrees  &Y j  S*T j  “  hiGber  than  second  power,  can  be  disregarded.  And  so 

for  example,  at  n-raultiple  integration  and  at  maitionod  assumption  about  the  smallness 
of  the  interval  l>  ViJ  the  system  of  equations  for  determining  the  sought  for  coef- 
ficients  acquires  th.  (Or.  Of' lt.  +.„«['(  x(l)J,  - 

•k 

—  x (I, )At,—  ]-}-...  +  «,«*>  y  5  •  •  •  5  =* 

.  '«  '*  '*  ' - m 


V  « 


W  * 

•k  *k  <k  — 


.  .  lit 


_ _  _  (/  =  1. 2 . .) _ _ 

To  reduce  the  order  of  the  derivatives  necessary  for  measuring  derivatives  it  la 
also  possible  to  use  the  following  methods. 

First  of  all,  in  equation  (3,2)  in  the  right  side  the  values  of  derivatives 

x^(t),...,a(®(t)  can  bo  taken  as  standard.  The  order  of  th*  higher  deriva tlve^which 
is  necessary  to  measure,  door eases  from  n  to  m  -  1, 

Secondly,  standard  values  can  be  given  to  all  membors  of  the  initial  approximating 
equation,  in  addition  to  these  members,'  the  control  value  derivatives  at  which  can 
be  measured  practieally  with  required'  accuracy.  It  is  assumed  that  there  is  a  possibility 
of  measuring  the  very  controllable  value  in  its  two  first  derivatives.  Equation  (3,1) 
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-ill  «k»  th.  for.  of  ..W$  +  .,«£7*»«»- 

-  MO-[«.,w(jp)>+  •  •  •  +  *.’(o(0)J  (&£) 

sometimes  give 9^ 

Tills  approximatie^"-  satisfactory  results* 

Conclusions  Self-adjusting  sy stoma  created  by  tlfe  above  explained  principle*  can  be 
used  for  controlling  a  wide  class  of  objects*  The  basic  advantage  Of  these  systems 
is  the  consideration  of  noncontr oiled  perturbations,  outer  as  well  as  inner  (by  maintain¬ 
ing  the  parameters  of  the  object  and  regulator)*  .  * 
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